Objective: To analyze the tendency to centralize childhood cancer treatment among cancer treatment hospitals in Osaka, Japan over a 28-year period. Methods: The subjects were patients under the age of 15, newly diagnosed with cancer in Osaka between 1975 and 2002 (n = 4738). They were categorized into three groups by the time diagnosed (1975 -84, 1985 -93 and 1994 -2002). The International Classification of Childhood Cancer was used as the disease classification. The degree of centralization was examined using a Pareto analysis, the Gini coefficient and the annual average number of cases per hospital. Results: During this period, the number of children with cancer in Osaka has decreased by nearly half, from 2.1 to 1.2 million and the number of hospitals treating childhood cancer decreased from 37 to 20. However, the Pareto curve and Gini coefficient were almost constant (0.747, 0.737, 0.756 in Gini coefficient for the three diagnosed periods). The annual average numbers of cases per hospital were much low and marginally increased from 5.6 during 1975 -84 to 6.1 during 1994-2002 in the hospitals that treated 90% of all cancers. Conclusions: The degree of centralization appeared to be almost constant from 1975 to 2002 regardless of the decrease in hospitals treating cancer patients.
INTRODUCTION
Recent studies have suggested that there is a relation between better survival and hospital procedure volume (1 -3). There also seems to be a relation between childhood cancer patients under the age of 15 referred to specialist centers and better survival (4 -5) .
The incidence rates of childhood cancer are very low and almost the same worldwide, and were 154 per million for boys and 158 per million for girls in Osaka in 2004 (6) . So, centralization is thought to be particularly important to attain better survival for rare childhood cancers (4 -5) .
In fact, childhood cancer treatment has been centralized in the UK, Georgia and Germany (7 -10) , although the child and family are heavily burdened with ambulant treatment and hospital stays. For example, at 244 820 km 2 and with 11.1 million children in 2001, the UK has only 22 treatment centers, which have treated $ 90% of newly diagnosed cases ($1350 cases per year in the early 2000s) (7 -8) . In Osaka with an area of 1898 km 2 and 1.3 million children in 1995, nine specific hospitals had treated $70% of cases ($180 cases per year) during 1989 -98 (11) . This information suggests that childhood cancer treatment had been decentralized in Osaka (7 -10) .
The child population in Osaka has reduced by about half, from 2.1 million in 1975 to 1.2 million in 2005, because of a decreasing birth rate. According to this decline, the number of childhood cancer patients and the annual treatment volume per hospital should also have decreased. On the other hand, childhood cancer treatment was supposed to have been centralized to specific hospitals in 1990s mainly because of following three factors. First, the number of medical lawsuits increased and this led doctors to refer patients that were difficult to diagnose to specialists (12) . Second, multi-center cooperative studies began to conduct larger scale investigations into childhood cancer so that patients could be treated at specific hospitals (13) . Third, two large and specialized hospitals for pediatric medicine were built and a university hospital relocated to Osaka in the early 1990s.
We investigated the trend of centralization of cancer patients to specific hospitals from 1975 to 2002 using the data from the population-based Osaka Cancer Registry (OCR).
PATIENTS AND METHOD

DATA SOURCES
Osaka Prefecture is an area with 8.8 million people, and the population covered by the OCR was the largest in Japan till 2006. The proportion of death certificate only (DCO) cases was ,2.9% for children under the age of 15 between 1981 and 89, and that of registered patients was estimated to be from 85 to 94% (14) . We used this OCR as our source database.
SUBJECTS
Our subjects were patients under the age of 15 and newly diagnosed with cancer between 1975 and 2002 (5291 cases). We then excluded carcinoma in situ (two cases), patients who had no information on a treatment (153 cases), those who did not specify both treating hospital code and diagnosing hospital code (three cases), and those that received treatment in other prefectures (417 cases). The final number of subjects for our study was 4738.
We needed to know the number of patients by treatment hospital in order to investigate the degree of centralization. For the analysis, we principally used the treating hospital code (3741 cases). The diagnosing hospital codes were used only when the patients had no information on the treating hospital (997 cases).
The patients were then divided into three period groups by the diagnosed year: 1975 -84 (1976 cases), 1985 -93 (1661 cases) and 1994 -2002 (1101 cases). We then used these data to investigate the centralization tendency.
CLASSIFICATION OF CHILDHOOD CANCER
Childhood cancer is histologically very diverse and some histological types occur in many different sites. Since 1996, the International Classification of Childhood Cancer (ICCC) has been used for international comparisons of statistical analyses (15) . We used twelve diagnostic groups on the basis of ICCC in this research for our classification of childhood cancer.
METHOD
A Pareto analysis was used to investigate the centralization tendency for childhood cancer treatment. The process for the Pareto analysis was as follows.
A table was prepared to list the number of patients that each hospital treated, and the rows were arranged in descending order of the number of the patients. A column was added to this table that shows the cumulative percentage of the patients in descending order.
In order to find how many hospitals have treated childhood cancers, we counted up the cumulative frequency of hospitals when the cumulative percentage of patients was upper 50 and 75% and when it was 100% by year, diagnosed period and ICCC. We also plotted the Pareto curves with the cumulative percentage of hospitals and patients for the three diagnosed periods.
The Gini coefficient was also calculated as an index of the centralization of treatment for the three diagnosed period groups and the ICCC group. This is defined as follows (16):
Graphically, the Gini coefficient covers twice the area between the Pareto curve and the line of equality. The Gini coefficient ranges between 0 and 1. A 'one' means all the patients were treated at one specific hospital.
Furthermore, the annual average number of cases per hospital was calculated and compared with those of European countries and the USA (8 -10).
We used R version 2.4.0 for all the analysis in this study.
RESULTS
The number of children in Osaka during this 28-year period decreased to nearly half, from 2.1 to 1.2 million. That of the hospitals treating childhood cancer also decreased from 37 in 1975 to 20 in 2002, and in particular, decreased from 37 in 1993 to 32 in 1994. After 1993, the number of the newly diagnosed patients drastically decreased from 161 in 1993 to 107 in 2002. Figure 1 shows the change in the Pareto curve and the Gini coefficient for all childhood cancer cases for the diagnosed period. The Gini coefficients were almost constant (0.747, 0.737, 0.756 for the three periods), and a weak centralization can be found during 1994 -2002 when looking at the Pareto curve.
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Centralization of childhood cancer treatment Table 1 shows each cumulative frequency of hospitals and the Gini coefficient by the ICCC and diagnosed period. 
DISCUSSION
The trend of centralization of childhood cancer treatment was studied based on the population-based cancer registry in Osaka. Little was previously known about this trend. Our study is valuable because we used population-based data that had about an 85 -94% registration rate for children, and we looked at the information for a 28-year period (14) .
After 1993, each cumulative frequency of hospitals decreased to about half along with the number of newly diagnosed cancers, and the degree of centralization was almost constant during the three diagnosed periods. These results suggest that childhood cancers have continually been treated at many different hospitals, and the reduction in the number of cases also reduced each cumulative frequency of hospitals. From 1993 to 1994, each cumulative frequency of hospitals reduced approximately by one-third. Around 1993, three large hospitals completed or relocated, so this was supposed to have influenced the trend of hospitals that accessed childhood cancer.
The annual number of cases by the ICCC deserves attention in terms of absolute smallness (Table 1) . Despite this smallness, patients were treated at many different hospitals. And the annual average number of cases per hospital has remained very small, which was much lower compared to that in the UK, Georgia and Germany. In addition, each diagnostic group includes many types of cancer and their different treatments. So, centralization to specific hospitals is necessary to improve survival.
Looking at the results, the rarer the ICCC group was, the smaller the Gini coefficient was. Of the types of cancer found in children, clinical trials have been mainly conducted on the more common tumors, such as leukemia (I) or lymphomas and reticuloendothelial neoplasms (II) (13, 17) . This would have helped to more centralize the more common types of childhood cancer. More influential reasons for doing this would be as follows. Patients were able to freely select and attend treatment hospitals in the Japanese medical system, although they did not usually have enough information on where were specialists. Of total 566 hospitals in Osaka, patients had to find an appropriate one under uncertainty and incomplete information (18) . Regretfully, general practitioners had not strictly referred cancer patients to childhood cancer specialists.
From a statistical point of view, the Gini coefficient for a small sample is known to include a downward bias (19, 20) . The Gini coefficients of each category may have a downward bias, and look to lower centralization, particularly during 1994 -2002. Each cumulative frequency of hospitals for sympathetic nervous system tumors (IV) was exceptional compared with those of the other diagnostic groups. This was due to the mass screening at 6 months of age for neuroblastoma (IVa) that was introduced in 1985 and had continued into the 2000s across Japan. As a result of overdiagnosis, the annual age-standardized incidence rate increased by about three times in children from the periods of 1970 -84 to 1985 -94 (21) . Table 1 also shows the increase in the total number of cases of sympathetic nervous system tumors (IV). However, as ,10 hospitals carried out mass screening in Osaka, each cumulative frequency of hospitals during 1985 -93 is about equal to those during 1994 -2002. (2) 129 
Centralization of childhood cancer treatment
With the exception of neuroblastoma (IVa), the survival of many diagnostic groups in Osaka was lower than that in England and Wales and in the USA, and the report suggested that the reason for this was insufficient introduction and practice of chemotherapy (22) . Our study suggested that the low centralization of patients is also related to the lower survival. Previous studies also suggested that the lower survival will also related to the treatment volume in the field of surgery or radiotherapy, although these subjects were adult cancers (23, 24) . Therefore, to centralize childhood cancer to specific hospitals and to perform a higher volume of procedures are important to ensure better survival. For the centralization of treatment, however, the burden children and their families must deal within their daily lives would increase. A social support system would be needed to achieve and maintain centralization.
In our study, although the identification of treating hospitals was the point, 997 cases did not have treating hospital codes so that the diagnosing hospital code was alternatively adopted. The bias derived from this substitution is assumed minor, because the proportion of cases that the diagnosing hospital code was same as the treating hospital one was 91.8% (3435 cases).
These data included newly diagnosed patients only, so that the specialists might feel that the small degree of centralization would not reflect the realization for childhood cancer treatment. Further study would be needed to investigate the centralization taking into account the succession of treatment.
We confirmed that the hospitals that treated childhood cancers decreased approximately by half during the 1990s, because childhood cancer decreased because of a lower birth rate. The degree of centralization seemed almost constant from 1975 to 2002. The annual average number of cases per hospital marginally increased, although it still was much lower compared with European countries and the USA. 
